The surface-bound nuclease of Staphylococcus aureus liberated during formation of protoplasts was purified 1,000-fold by chromatography on phosphocellulose. Its properties were compared with those of the known extracellular nuclease, purified 200-fold by the same procedures. The adsorbance of the surface-bound nuclease on phosphocellulose was distinctly different from that of the extracellular nuclease, but other properties of the two enzymes were similar. Both enzymes had a pH optimum of about 10 and required Ca2+ for activity. Both enzymes hydrolyzed deoxyribonucleic acid (DNA) and ribonucleic acid, and denatured DNA was a better substrate than native DNA. Both enzymes were inhibited by the same metal ions. Nuclease-less mutants of S. aureus were isolated from S. aureus 209P by using N-methyl-N'-nitroso-N-nitrosoguanidine. These mutants contained neither surface-bound nor extracellular nuclease activity. These results suggest that the surface-bound and extracellular nucleases are expressed from the same cistron of S. aureus.
Staphylococcal nuclease is well known as an extracellular enzyme (2, 6 ). Previously we observed that the nuclease of Staphylococcus aureus 209P was not only produced extracellularly, but was also bound to or near the cell surface (17) ; however, the relation of the surface-bound and extracellular nucleases was not studied. Pollock et al. (12, 18) and Lampen (14) , using antiserum and electrophoresis, showed that cell-bound penicillinase is identical with the extracellular penicillinase in Bacillus subtilis. They suggested that the cell-bound penicillinase is an intermediate in production of the extracellular enzyme. Similarly, Coles and Gross (4) reported that the extracellular penicillinase of S. aureus is located on the cell surface as a precursor of the secreted exoenzyme.
This paper describes the purification of cellbound nuclease liberated from the cells of S. aureus during formation of protoplasts by treatment with L-11 enzyme. Its properties are described in comparison with those of purified extracellular nuclease. Studies on the enzymes in several mutants lacking nuclease are also described.
MATERIALS AND METHODS Chemicals. N-Methyl-N'-nitro-N-nitrosoguanidine (NTG) was a product of Aldrich Chemical Co. Herring deoxyribonucleic acid (DNA) was purchased from Sigma Chemical Co. Phosphorylated cellulose (0.9 meq/g) was a product of Brown Co. This phosphocellulose was washed successively with distilled water, 1 N NaOH, distilled water, 1 N HCI, and finally distilled water before use.
Organisms and culture conditions. Cells of S. aureus 209P were grown in CGY medium (9) as described previously. To digest the cell walls, cells were treated with L-11 enzyme as described previously (9) . The L-11 enzyme was purified from Flavobacterium sp. by the method of Kato et al. (11) .
Nuclease assays. The activities of deoxyribonuclease and ribonuclease (RNase) were both assayed with tritium-labeled preparations of substrate as described previously (17) . The molarity of ammonium acetate buffer was measured with a conductivity meter, model CM-IOB (Toa Denpa Kogyo Co. Ltd.). Protein was estimated by the method of Lowry et al. (15) .
Isolation of nuclease-less mutants of S. aureus 209P. Mutation of S. aureus 209P was induced by the method of Adelberg et al. (1) . Cells of S. aureus 209P were grown in CGY medium and harvested in the logarithmic phase by centrifugation at 10,000 x g for 10 min. Cells were washed with 0.05 M tris(hydroxymethyl)aminomethane (Tris)-maleate buffer, pH 6.0, an4 suspended in 10 ml of the same buffer. A solution of NTG, sterilized by passage through a membrane filter (Millipore Corp.) was added to the cell suspension to give a final concentration of 300 Ag/ml, and the suspension was incubated at 37 C for 10 min. The cells were harvested by centrifugation at 10,000 x g for 10 min and washed with 0.1 M Tris-hydrochloride buffer, pH 7.2. They were then suspended in CGY medium and incubated at 37 C for 1 (Fig. 2, peak B) . Most of the extracellular nuclease was eluted with 0.64 M ammonium acetate (peak B), whereas the surface-bound nuclease was eluted with 0.52 M ammonium acetate. These results suggest that the surfacebound nuclease differs from the extracellular nuclease in its adsorbance on phosphocellulose.
Results on the purification of extracellular nuclease are shown in Table 2 , indicating about a 200-fold increase in specific activity, with an overall yield of approximately 19%.
Enzymatic properties of surface-bound and extracellular nucleases. The enzymatic properties of purified preparation of surface-bound nuclease and of extracellular nuclease in peaks A and B from the phosphocellulose column were examined. The surface-bound and extracellular nucleases (Fig. 1, Fig. 2 peaks A and B) hydrolyzed both DNA and ribonucleic acid. These nucleases hydrolyzed heat-denatured DNA much faster than native DNA (Fig. 3) . These nucleases had essentially the same optimal pH of about 10 in borate buffer with denatured DNA as substrate (Fig. 4) . These nucleases required calcium ion (Fig. 5) These results suggest that the enzymatic properties of surface-bound nuclease are similar to those of extracellular nuclease, known as staphylococcal nuclease and studied by many workers (2, (5) (6) (7) .
Isolation and characterization of nucleaseless mutants of S. aureus. To elucidate the relation of surface-bound and extracellular nucleases, nuclease-less mutants were isolated and examined. S. aureus 209P was treated with the mutagenic agent NTG, and nuclease-less mutants of S. aureus were isolated as described in Materials and Methods. The surface-bound and extracellular nuclease activities of nuclease-less mutants of S. aureus were investigated.
Two strains of nuclease-less mutants and wild-type S. aureus 209P were grown in CGY medium. Cultures at the logarithmic phase of growth were centrifuged at 10,000 x g for 10 min. The cells were treated with L-11 enzyme in 1.2 M sucrose medium, and the sucrose medium and protoplasts were separated by centrifugation at 20,000 x g for 20 min. The protoplasts were lysed in hypotonic buffer.
The nuclease activities of the culture super- Fig. 3. natant, sucrose medium, and protoplast lysate were assayed. With wild-type S. aureus 209P, nuclease activity was found in the culture supernatant and sucrose medium, but with the mutants no activity was detected in either (Table 3) . Nuclease activity of the culture supernatant corresponds to extracellular nuclease, and that of sucrose medium correspond to surface-bound enzyme, so these results suggest that on mutation both extracellular and surface-bound nuclease activity is lost. The results also suggest that both the extracellular and surface-bound nucleases are expressed from the same cistron of S. aureus.
DISCUSSION
We observed that cell-bound nuclease was localized at or near the surface layer of S. aureus (17) . We thought that this surface-bound nuclease was an intermediate in formation of extracellular nuclease, but the relation of surface-bound and extracellular nucleases was obscure. This paper shows that the enzymatic properties of a purified preparation of surface-bound nuclease of S. aureus appear similar to those of extracellular enzyme, except that the surfacebound nuclease differs from the extracellular enzyme in its adsorption on phosphocellulose. The activities of surface-bound and extracellular nucleases were both lost in nuclease-less mutants of S. aureus. These results suggest that, although the surface-bound and extracellular nucleases have different locations, they are expressed from the same cistron of S. aureus.
The relations between surface-bound and extracellular enzymes have been studied by Pollock (18) , Lampen (14) , and Kuwabara et al. (13) . Lampen reported that the cell-bound penicillinase of Bacillus subtilis differed distinctly from the extracellular enzyme in mobility on electrophoresis. But, after treatment with trypsin, the cell-bound penicillinase had the same mobility as extracellular penicillinase. Kuwabara et al. reported that cell-bound penicillinase of Bacillus cereus had the same amino acid composition as the extracellular enzyme, but, unlike the latter, contained sugars.
The surface-bound nuclease of S. aureus differed from extracellular nuclease on its adsorbance on phosphocellulose. Anraku and Mizuno (3) reported that the RNase of the debris fraction of E. coli differed from ribosomal RNase in its adsorption on CG-50 resin. They suggested that the debris RNase may form a lysozyme-sensitive complex with components of the cell surface. Furthermore, from studies on RNase-less mutants, Gesteland (10) suggested that this debris RNase and ribosomal RNase are expressed from the same cistron of E. coli. In the present case of S. aureus, it seems that the surface-bound nuclease is bound to some components of the cell surface, possibly sugars. 
